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Rumoral antibody response in infection by
dermatophytes WII5 suggested by Ayers and
Anderson (1) who showed that blood sera from
patients with "phytid" possessed an inhibitory
effect on fungus culture, on effect not demon-
strated with normal serum. Since then reports
in the literature regarding antibody to dcrmoto-
phytes in natural infections are conflicting. Re-
viewing this subject, Kligman ond DcLomatcr
(2) expressed the vicw that classical circulating
antibodies in infected human beings have not
been convincingly demonstrated and the same
view was expressed by Roth, ct a!. (3). More re-
cently, Tomomatsu (4) demonstrated circulating
antibodies in experimentally infected animals
and in human ringworni by complement fixa-
tion and precipitin tests employing a crude
polysaccharide as ontigen. He also found that
the titer of antibodies could be reduced by the
administration of griseofulvin to the onimals or
patients.
The present paper reports our attempts to
demonstrate circulating antibodies against dcr-
inatophytes in human ond animal sera and de-
scribes the results of studies regarding the
specificity of these ontibodics.
MATERIALs AND arErilons
Antigens. All fungi were grown in a semi-syn-
thetic liquid (5), adjusted to pH 6.5, dispensed in
125 ml amounts into Blake bottles, and autoclavcd.
Cultures were kept at ambient temperature un-
disturbed for 4 to 6 weeks and then sterilized by
adding merthiolate (final 1:10,000).
Powdered mycelia were prepared from '1'. nt-
brunt, T. mentogrophytes, Hormodcndrnm sp.,
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Pcnicillium sp., Aspergiltus sp., Fusorium sp., Hel—
minthosporium sp., and A. clovotus by manually
grinding fungal mats that had been dried on watch
glasses for 4 days over calcium chloride under re-
duced pressure.
Additional antigenic materials were prepared
from 'I'. rubrum, T. mcntogrophytes, Ilormoden-
drum sp., Penicillium sp., and Asper gil/us sp. by
the Westphal-Lflderitz phenol-water method used
to extract lipopolysaccharides from Gram negative
bacteria (6). Mycelial mats were homogenized with
saline in a Servall Omnimixer for 10 minutes and
then sonicated for li/i hours in a Raytheon 10 KC
sonic oscillator. This sonicate was resuspended in
the culture filtrate, which had been concentrated
to ½ volume and dialyzed against merthiolated
phosphate-buffered saline, pH 72 (PBS). The
supernate from half of the re-suspended sonicate
was dialyzed five times against PBS and saved for
trial in sensitizing erythrocytes. The other half was
lypholized in toto and then extracted twice with
phenol and water. The pooled extracts were dia-
lyzed for 24 hours against running tap woter and
for 8 hours against 3 changes of distilled water at
5°C. Sodium chloride, 1 mg per ml, was added, fol-
lowed by 2 volumes of cold acetone. The precipi-
tate was washed 2 times in aectone, 5°C, and al-
lowed to dry. This product was designated the
phenol-water extractable antigen.
Chcmicol Determinations. The anthrone reac-
tion (7) was used to identify reducing sugars. To de-
termine component monosaccharides, 5 mg of
phenol-water extract was hydrolyzed by heating
with 1.0 ml of 2 N HC1 in a sealed ampoule at
100°C for 1½ hours and the hydrolysate was
evaporated to dryness on a watch glass. Thrice this
residue was dissolved in 1.0 ml distilled water and
dried over sodium hydroxide under reduced pres-
sure. The final product was dissolved in 02 ml
of distilled water and used in making chromato-
grams. The descending system, using Whatman
filter paper No. 4 with a pad of folded filter paper
attached to the end opposite the origin of the
spots (8), was employed with ethyl acetate-pyri-
dine-water (120—50--40) and isopropanol-pyridine-
water (120—40—40) as solvents. Benzidine and Elson-
Morgan reagents were used to locate the mono-
saccharides and hexosamines, respectively, on the
chromatograms.
The nitrogen content was measured by the
Kjeldahl-Nessler method (9). The binret and ninhy-
drin tests and specific ultraviolet absorption in a
Beckman recording spectrophotometer were em-
ployed to test for protein.
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TABLE I
Chemical nature of antigenic material extracted
from mycelia by the phenol-water method
galactose
mannose
glucose (trace)
galactose
mannose
glucose
galactose
manuose
glucose
galactose
maunose
glucose (trace)
Serological Technics. Male albino rabbits were
given botb an intravenous and a subcutaneous
inoculation of 5.0 mg of the mycelial powder of
either T. mentagrophytes or T. rubrum suspended
in 1.0 ml PBS, weekly for seven weeks. The rabbits
were bled before immunization and one week after
the last inoculation. Human sera were obtained as
stated under results.
All sera were inactivated by beating in a 56°C
water bath for 30 mm and absorbed with washed
normal sheep erythrocytes. These erythrocytes
were sensitized by mixing equal volumes of a 5%
suspension with phenol-water extract, of a con-
centration representing the minimal amount that
had been proved to sensitize optimally. (Other
antigenic materials, e.g. culture filtrates or super-
nates of sonicated mycelia, possessed little sensitiz-
ing capacity.) The mixture was kept at 37°C in a
water bath for 2 hours, shaking occasionally. The
cells were washed 3 times in 15 volumes of PBS,
and finally suspended to 0.5%. The hemagglutina-
tion procedure was essentially that used by Ristic
and Brandly (10).
For hemagglutination inhibition, positive sera
were diluted so that each had 8 hemagglutinating
units of antibody per 0.3 ml. Varying amounts of
phenol-water extracts of dermatophytes and sapro-
phytes were added in 0.2 ml PBS to the diluted
sera and incubated in a 37°C water bath for 2
hours. To each tube was added 0.4 ml of a sus-
pension of 0.5% T. rubrum-sensitized erythrocytes
and any loss of hemagglutinating capacity noted.
To absorb hemagglutinins, 100 mg of washed,
powdered mycelia was mixed with 1.5 ml of
positive serum, incubated at 37°C in a water bath
for 1 hour, shaken frequently, and then centrifuged.
The supernate was tested for loss of hemagglu-
tinins, using erythrocytes sensitized with homolo-
gous and heterologous antigens. Absorption was
repeated until there was no further loss.
Agar gel double diffusion tests were set-up on
glass (11) and the zones of precipitation were
recorded after 4 days.
EE5ULTS
Chemical determinations. Table I shows the
nitrogen contents and percentages of reducing
sugars in phenol-water extracts and Fig. 1 il-
0.90 lustrates hexoses chromatographically in acid
hydrolysates of the extracts. Amino sugars were
not found by the latter technique. Biuret and
0.61 spot testing of non-hydrolyzed extracts with
ninhydrin reagent were both negative. Further-
more, there were no indications of specific lilY
1.25 absorption at wave length of 2800 A by pro-
teins or at wave length of 2600 A by nucleic
acids. However, the acid-hydrolyzed material
used in making the chromatogram, gave a posi-
tive ninhydrin spot reaction which would indi-
cate the presence of alpha amino acids.
Immunological responses. A humoral anti-
antigen was used in the test system.
Hemagglutinin levels were determined in hu-
man sera obtained from (1) Negro and Cau-
casian adults who had proven active ringworm
of the skin; (2) Caucasian adults who did not
have clinical signs of ringworm infection; (3)
Caucasians, 1 to 12 years of age, who were hos-
pitalized for a variety of conditions other than
tinea. All of 93 adults and 27 of 35 children
(77%) had hemagglutinins, irrespective of the
presence of clinical ringworm (Table II). A
wide range (1:2 to 1:512) was apparent in the
titers of sera from both groups of adults and the
peak titers for those with clinical ringworm
were only slightly higher (4 fold) than those with
out clinical ringworm. A narrower range (1:2
to 1:32) was observed in the titers of children's
scra which, in general, were much lower than
those of adult scra. No correlation could be
shown between the level of antibody and the
presence or extent and duration of infection.
Some individuals who had widespread infections,
recurring for several years, had titers of 1:16
or lower while others with insignificant skin
Hexose present
Per cent
nitro-
gen
0.85
Source of Extract
Trichophyton
rubrum
Trichophyton
mentagrophytes
Hormodendrum
sp.
Penicillium sp.
Per cent
re-
ducing
sugaes
by an-
throne
28
43.3
43.8
37.7
body response was shown in all rabbits by
rising titers of hemagglutinins and there was no
significant difference in the detectable level of
antibodies when heterologous dermatophyte
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Fro. 1. Chromatogram of acid-hydrolyzed, phenol-water extracts and control sugars de-
veloped with ethyl acetate-pyridine-water solvent. (1) Penicillium sp.; (2) Hormodendrum
sp.; (3) mannose; (4) galactose; (5) glucose; (6) mixture of mannose, galactose and glu-
cose; (7) T. menlogrophytes; (8) T. rubrum.
lesions of few weeks duration had titers of 1:64 TABLE IT
or higher. Anti -dermolophyle hemagglutinin* levels in theThe capacity to agglutinate sensitized cells sera of dermalophylc-infected and
could be inhibited by the pre-treatment of non-infected human beings
either human or animal sara with fungal ex ____________________________________________
tracts hut only small amounts were needed when Adults with Adults without childrendermatophyte extract was employed whereas ringworm ringworm without
ringworm**
large amounts had to be used in the case of cx- Serum Tiler ___________ ________ _________
tracts from saprophytcs (Table III). Common No. No. No.
antigens were additionally revealed in that ___________
hemagglutinatirig activity could be removed 0 0 0 0 0 8 22.8
from sera by absorption with powdered my- 1:2 0 0 2 6.7 3 8.6
celia. In the case of 17 human sera, hemag- 1:4 1 1.6 4 13.3 10 28.6
glutinins could be completely removed with 1:8 10 15.9 5 16.7 11 31.4
either dermatophyte or saprophyte (examples 1:16 8 12.7 6 20.0 2 5.7
in table IV) but experimental rabbit sara could 1:32 19 30. 1 8 26.7 1 2.9
be totally inactivated only by absorbing with 1:64 16 25.4 4 13.3 0 0
dermatophyte; after absorption with sapro- 1:128 7 11. 1 1 3.3 0 01:256 1 1.6 0 0 0 0
phyte, sera still reacted with dermatophyte al- 1:512 1 1.6 0 0 0 0
though to lower titer (Table V). 1:1024 0 0 0 0 0 0Acetone-precipitated material from culture
filtrates of the following fungi were tested by Total 63 100 30 100 35 100
agar gel diffusion against rabbit anti-T. rubrNm
serum: T. rNbrum, T. mentagrophytes, Hormo- * Antigen: phenol-water extract of Tricho-
dendrum sp., Penicillium sp., Aspergillus sp., A. phplon rubrum.
clavotus, Alternoria sp., Fusorium sp., and ** Caucasians, 1 to 12 years of age.
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Adult humans infected 80
with T. rubrum
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Trichophyton rubrnm
Hormodendrum sp.
Penicillium sp.
Trichophyton rubrum
Hormodendrum sp.
Penicillium sp.
Trichophyton rubrum
Hormodendrum sp.
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Ilelminthosporium sp. Figure 2 shows 2 bands
which represent a related system of antigens go-
ing all the way around and held in common by
antigens of Hormodendrum sp., T. rubrum, T.
mentogrophytes, Penicillium sp., and Aspergillus
sp. In addition T. rubrum and T. mentagro-
phytes had 2 additional bands which only they
shared. Absorbing the anti-T. rubrum serum
with mycelium of either T. rubrum or T.
mentagrophytes inhibited the formation of all
the bands. Absorbing anti-dermatophyte serum
with Penicillium mycelia removed those sub-
stances which reacted with the saprophyte but
left behind substances which reacted only with
dermatophyte antigen. No bands were formed
by antigens of Alternoria sp., Fusarium sp.,
Helminthosporium sp., and A. clavatus. None
of these antigens gave precipitin bands with 10
human sera of highest hemagglutinin titer.
Two months following the first injection of T.
rubrum or T. mentagrophytes powdered my-
celium, 7 rabbits were skin-tested by intrader-
mal inoculation of 0.1 ml saline containing 100
tg of the phenol-water extract of each der-
matophyte. There were no reactions during the
first hour but at 24 hours all immunized rab-
bits showed 5 to 16 mm (median, 8 mm) of
induration with varying degrees of erythema
which persisted 2 to .5 days. There was no sig-
nificant difference to the responses elicited with
heterologous antigen. None of 6 non-immunized
rabbits reacted to either antigen. Control inocu-
lations with saline were consistently negative.
DISCUSSION
That dermatophytes share antigens has been
shown once again by the present study. It was
also shown that dermatophyte mycelia are capa-
ble of stimulating a good antibody response in
experimental animals. In view of this antigenic
competency, the low level of titers observed in
the humans with active infection is difficult to
explain. It could be assumed that antigens of
dermatophvtes remain localized in the superfi-
TABLE III
Inhibition of hemagglutination of Trichophyton rubrum-sensitized erythrocytes by prior incubation
of antiserum with varying amounts of phenol-water extracts of dermatophytic or saprophytic fungi
Source of serum Inhibiting antigen (phenol-water
extract)
Rabbits immunized with Trichophyton rubrum Trichophy ton rubrum
(307) Hormodendrum sp.
Penicillium sp.
Trichophyton mentag- Trichophyton rubrum
rophytes (306) Hormodendrum sp.
Penicillium sp.
Trichophyton mentag- Trichophyton rubrum
rophytes (304) Hormodendrum sp.
Penicillium sp.
Trichophyton mentag- Trichophyton rubrum
rophytes (300) Hormodendrum sp.
Penicillium sp.
40
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TABLE IV
Removal of anti-dermatophyte antibody from human sera by absorption with either dermatophyte
or saprophyte mycelia
Serum Absorbin m celiag ' Antigen used in serologicasystem (phenol-water extract) Hemag1u-tinin titer
Adults infected with Tn-
chophyton rubrum
96 None
Trichophyton rubrum
Hormodendrum sp.
Pen.iciUium sp.
T. rubrum,
Honmodendrum sp.
Penicillium sp.
T. rubrum
Hormodendrum sp.
Penici ilium sp.
T. rubrum
Hormodendrum sp.
Penicillium sp.
T. rubrum
Hormodendrum sp.
Penicillium sp.
1:64
1:64
1:64
neg.
neg.
neg.
neg.
neg.
neg.
neg.
neg.
neg.
14 None
Trichophyton rubrum
Hornwdendrum
T. rubrum
Hormodendrum sp.
T. rubrum
Hormodendrum sp.
T. rubrum
Hormodendrum sp.
1:128
1:128
neg.
neg.
neg.
neg.
Non-infected children 72 None
Tnichophyton rubrum
Hormodendrum sp.
T. rubrum
Hormodendrum sp.
T. rubrum
Hormodendruin sp.
T. rubrum
Hormodendrum sp.
1:32
1:32
neg.
neg.
neg.
neg.
18 None
Tnichophyton rubrum
Hormodendrum
T. rubrum
Hormodendrum sp.
T. rubrum
Hormodendrum sp.
T. rubrum
Hormodendrum sp.
1:16
1:16
neg.
neg.
neg.
neg.
cial layers of the skin and fail to reach major
sites for anitbody production; or that der-
matophyte-reacting antibody may only be
cross-reacting, formed in response to anti-
genically related agents and not to dermato-
phytes. The frequency of dermatophyte-react-
ing antibody in human sera requires explanation
but, if only cross-reacting, would merely ne-
cessitate that antigenically related substances
be common in man's environment. If stimu-
lated by dermatophyte, however, only the
common occurrence in adult sera could be ex-
plained by the commonness of ringworm infec-
tion; for while few adults have escaped such
infection, it has been our many years of obser-
vation that ringworm among Caucasian children
in this geographic area is unusual and certainly
not as common as the dermatophyte-reacting
antibody in their sera. Since one must admit of
a source, other than infection, for antibody in
the sera of children, it follows that similarly
reacting substances in adult human sera may
not necessarily have been stimulated by infec-
tion with dermatophyte. In seeking an ex-
planation for the presence of dermatophyte-
reacting antibody in human sera, an hypothesis
other than infection was considered—one which
was suggested by the report of Pepys, Riddell
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TABLE V
Failure of saprophyte mycelia to remove all dermatophyte-reacting antibody from rabbits
immunized with dermatophyte
Tmmunogen Absorbing myce1ia Hemagglutinin titer
Trichophyton rubrum None
T. rubrum
Hormodendrum sp.
Penicillium ep.
T. rubrum
Hormodendrum
Penicillium
T. rubrum
Hormodendrum
Penicillium
T. rubrum
Hormodendrum
Penicillium
T. rubrum
Hormodendrum
Penicillium
1:4096
1:1024
1:1024
neg.
neg.
neg.
1:128
neg.
neg.
1:128
neg.
neg.
T. mentagrophytes None
T. rubrum
Hormodendrum sp.
Penicillium sp.
T. rubrum
Hormodendrum
Penicillium
T. rubrum
Hormodendrum
Penicillium
T. rubrum
Hormodendrum
Penicillium
T. rubrum
Hormodendrum
Penicillium
1:2048
1:1024
1:512
neg.
neg.
neg.
1:128
neg.
neg.
1:128
neg.
neg.
* A second absorption did not change titers.
and Clayton (12) on the presence of common
antigen in some fungi—namely, that dermato-
phyte-reacting antibody in human sera is not
specific for dermatophytes. It may well be that
some organisms constantly found in our en-
vironment and which share a common antigen
with dermatophytes, come in contact with man
either through inhalation, ingestion or external
contact, resulting in antibody production. To
test this hypothesis in the present study, sev-
eral fungi isolated from the air were tested by
agar gel diffusion for the presence of antigen
shared with dermatophytes. The formation of
common precipitation bands by material from
T. rubrum, T. mentagrophytes, Hormodendrum
sp., Penicillium sp., and Aspergillus sp. when
tested against anti-T. rubrum serum demon-
strated the presence of common antigens among
these fungi, confirming the observations of
Pepys, et at. (12). It was also shown that either
human or rabbit anti-dermatophyte sera will
also cross-agglutinate with antigens of Hormo-
dendrum sp. and Penicillium sp. and that ag-
glutination of T. rubrum-sensitized erythro-
eytes can be inhibited by incubating the serum
with phenol-water extracts of either Hormoden-
drum sp. or Penicillium sp. prior to addition of
the sensitized cells. It is interesting, however,
that lesser amounts of T. rubrum extract than
of saprophyte extracts were required to inhibit
either human or animal dermatophyte-reacting
antibody. Such an observation tempts one to
hypothesize such antibody in the human sera
was stimulated by dermatophyte, as was known
to be the case with the experimental animal
sera. This conclusion is not warranted, however,
inasmuch as it is equally possible the greater
inhibitory capacity of the T. rubrum extract
could merely reflect a more effective extraction
of the reactive principle of the dermatophytes
than of the saprophytes. In the case of the ex-
perimental animals, absorption studies con-
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firmed the presence of antibody specific for
dermatophytes, in that absorption with sapro-
phyte mycelia removed antibodies reactive with
saprophyte antigen but the sera remained re-
active with dermatophyte antigen. Absarption
with dermatophyte, howevcr, removed all re-
activity. Absorption of human sera showed
neither dermatophyte nor saprophyte specific-
ity, for absorption with either entirely removed
reactivity with the other.
The specificity of the dermatophyte antibody
in experimental animal serum was further con-
firmed by agar gel diffusion. Dermatophytes
shared antigens with the saprophytes tested but
other bands indicated antigens unique to the
dermatophytes. Unfortunately, the human sera
were not of sufficient antibody strength to per-
mit use of the Ouehterlony method, for they
were negative with all of the antigens.
It is not possible, therefore, to attribute
solely to contact with dermatophytes, the
presence of anti-dermatophyte antibodies in
human sera, be they found in samples from
active ringworm or from normal individuals.
The data presented here, pointing to the non-
specificity of antibody in human sera are in ac-
cord with the observations of Walzer and Em-
binder (13) who by means of indirect fluorescent
antibody technic, found 18 of 19 sera tested to
contain a globulin that adhered ta smears of T.
mentogrophytes. They could not show a signifi-
cant difference in the intensity of fluorescent
staining between sera of patients with clinical
infection and patients with no clinical infection.
Furthermore, they showed that the staining of
T. mentogrophytes was inhibited by prior ab-
sorption of the sera with a variety of related
and unrelated organisms. These workers sug-
gested that most sera contain an antibody or
antibodies to an antigen common to many or-
ganisms ubiquitous in Nature. It would seem to
us that data thus far available establish the
possibility that dermatophyte-reacting sub-
stances in human sera may be stimulated by a
variety of agents, including dermatophytes, but
very likely many do arise, and levels are main-
tained by virtue of contact with commonly oc-
curring saprophytes. This would seem reason-
able inasmuch as contact with dermatophytes,
albeit as common as they are, is probably less
frequent for most than exposure to saprophytie
fungi.
Fio. 2. Precipitation bands obtained with rabbit
anti-Trichophyton rubrum serum and aeetone-pre-
cipitable substances of culture filtrates. Center well
contained antiserum and peripheral wells 1, 2, 3, 4
and 6 contained antigens of T. rubrum, T. mentag-
rophytes, Penicillium sp., Aspergillus sp., •and
1-lormodendrum sp., respectively. Well 5 contained
buffered saline used as a solvent for antigens.
As for the nature of these shared antigens, it
is possible that the similar sugars in T. rubrum,
T. menteqrophytes, Hormodendrum sp., and
Penicillium sp., may partly be the basis of the
cross-reactivity. Several workers (McNall, et
at. (14); Pappagianis and Kobayashi (15) have
speculated on the presence of similar sugars in
serologieally active extracts of related or non-re-
lated fungi as the basis, at least in part, of
observed immunological cross_reactivity. There is
a possibility that the nitrogen in the phenol-
water extracts, which we did not show to be
protein, may exist as a peptide or amino acid
eomplexed with polysacehnrides. Cruiekshank,
Trotter and Wood (16) have shown that a
purified trichophytin, extracted from T. mentog-
rophytes by ethylene glycol, consist of polysae-
charide with attached peptide. Also, Barker and
Cruiekshank (17) isolated a purified glyeopeptide
active in skin hypersensitivity test and showed
that degradation of the carbohydrate caused a
reduction in the immediate reaction whereas deg-
radation of the peptide caused a loss of delayed
reactivity. Crude phenol-water extracts of der-
mntophytes which contain a large amount of
reducing sugar and very little nitrogen, can
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function as antigen in a skin test as well as in
demonstration of antibody.
Finally, a comment is justified regarding the
technic of passive hemagglutination. Tbis tech-
nic, which has proved to be extraordinarily
sensitive for detection and titration of bacterial
antibodies, (18) is a simple one, appropriate for
detection and titration of antibody reactive with
fungi.
5UMMAnY
1. Common antigens were shown in T. ru-
brum, T. mentogrophytes, Hormodendrum sp.,
and Penicillium sp. by agar gel diffusion, hemag-
glutination, and hems gglutination-inhibition
tests.
2. The immune response of rabbits to injec-
tions of dermatophyte mycelium was shown by
the development of a state of hypersensitivity
and by antibody production.
3. Antibody in rabbit anti-dermatophyte se-
rum could be completely removed by absorption
with dermatophyte myeelium but only par-
tially by myeelium of Penicillium sp., indicat-
ing that the sera of animals immunized with
dermatophytes contain antibody specific for the
dermatophytes as well as antibody directed
against a common antigen found in dermato-
phytes, Hormodendrum sp., and Penicillium sp.
4. Antibody against T. rub rum was found in
the sera of 93 adult Negroes and Caucasians
tested, irrespective of the presence or absence
of clinical ringworm, and in 27 out of 35 Cau-
casian children without ringworm. Titers among
children were lower than among adults. Titers
among apparently normal adults did not differ
significantly from those with ringworm.
5. Antibody in human serum could be com-
pletely removed by absorption with mycelia of
Hormodendrum sp., Peni'cillium sp., or dermato-
phyte, suggesting formation as a result of pre-
vious contact with either dermatophyte or
saprophyte.
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